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Introduction
There is frequently a lengthy holdout period between the expiration date of a collective agreement and the time a new contract is signed.
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Usually, the old agreement is legally extended during the holdout, with its terms remaining binding for both the workers and the employer until a new contract has been signed. The exception is if the parties reach a bargaining impasse and work stoppages occur due to strikes or lockouts.
Various theories have been proposed to explain these lengthy holdout periods. Cramton and Tracy (1992) suggest that unions use holdouts as a cheap substitute for strikes to elicit information about firms' profitability, while Gu and Kuhn (1998) regard holdouts as a negotiation tactic that makes it possible to observe contract settlements for other bargaining pairs. Danziger and Neuman (2005) view delayed renewals as a means of reducing risks faced by workers.
2
All these theories take the duration of the expired contract as given when explaining the delay in reaching a new agreement. As such, they ignore an apparent paradox: Since the expired contract is legally extended during the delay, would it not have been optimal to originally negotiate a longer contract duration? Or to put it differently, why would a longer duration not be preferable to a shorter duration that is later extended?
In the same vein, theoretical models of contract duration are incomplete in that they determine a "fixed" contract duration, while completely ignoring the fact that extensions may significantly increase the effective contract duration and make it de facto state-dependent (Gray, 1978; Dye, 1985; Harris and Holmstrom, 1987; and Danziger, 1988) . The same is true of empirical analyses of contract durations which likewise neglect to take extensions into account (Christofides and Wilton, 1983; Ehrenberg et al., 1984; Vroman, 1989; Christofides, 1990; Murphy, 1992 and 2000; Wallace and Blanco, 1991; Wallace, 2001; Rich and Tracy, 2004; and Christofides and Peng, 2006) .
The purpose of the present paper is to overcome these shortcomings of the existing 1 literature by presenting a model in which it may be optimal for a union and an employer to negotiate a short contract duration even though both sides know that the contract might later get extended. The theoretical framework follows the implicit-contract approach by emphasizing that a contract extension can be beneficial if it helps smoothen the impact of unforeseen shocks on a worker's real income.
3 The model has two periods and two goods.
In the first period there is no uncertainty, but in the second period the economy may be hit by four types of shocks: a real shock that is the same in all firms and affects the productivities of both goods equally; a relative shock that is the same in all firms, but affects the productivities of the two goods differently; an idiosyncratic shock that is firm specific and affects the productivities of both goods equally in a particular firm; and a nominal shock that affects the prices of the goods equally, but leaves the productivities unchanged.
In the model, a union and an employer may conclude a short contract which covers the first period, but that can be extended into the second period. During an extension, workers continue to be employed and paid according to the old contract. The new contract for the second period, when eventually concluded, may retroactively adjust the workers' pay during the extension. The retroactive adjustment need not, however, be complete. As part of the decision to extend the contract, the two sides may implicitly agree on a backpay function that specifies how the backpay will depend on the gap between the real wage in the new contract and the real wage that was paid according to the old contract during the extension.
On the other hand, instead of a short contract, the union and the employer may conclude a long contract which covers both periods. In order not to make the preference for an extended short contract a foregone conclusion, the model allows the second-period wage in a long contract to be indexed to the price level.
We show that the choice between a short contract that can be extended and a long contract is independent of the union's and the firm's bargaining powers and depends on the benefit of backpay relative to the benefit of a long contract. Thus, settling on a short 3 An implicit contract is enforced by the knowledge that worker morale is fragile and apt to deteriorate quickly if workers feel that they are treated unfairly. This is supported by evidence in Fehr and Falk (1999) who show that a firm correctly anticipates that workers will reciprocate what they perceive as fair behavior but will act defiantly if they feel slighted. Nevertheless, there is a limit to how much the real wage can be shifted away from a worker's marginal product without provoking one of the parties to renege on an implicit agreement (e.g., by the workers quitting or the firm laying off workers). The model therefore assumes that the economic fluctuations do not reach a magnitude that would cause the implicit contract to break down.
contract duration that can be extended is sometimes preferable to immediately settling on a longer duration. It will be demonstrated that there exist combinations of the different types of uncertainty for which the two contract forms are equally desirable. At higher levels of real or idiosyncratic uncertainty, a long contract will Pareto dominate, since it provides better insurance for a worker's real income against these risks. However, at higher levels of relative or nominal uncertainty, a short contract that can be extended will Pareto dominate, since it lets a worker benefit as much as possible from relative-price changes and is better at insuring a worker's real income against nominal risk.
Since the retroactive adjustment of the workers' pay affects the attractiveness of a contract extension, we also characterize the optimal backpay for the extension period. It is shown that the optimal backpay is independent of real and relative shocks, and constitutes a compromise between the first-best full backpay in the case of nominal shocks, and the first-best no backpay in the case of idiosyncratic shocks. As a result, workers get to shoulder some of the idiosyncratic uncertainty in exchange for a lessening of the impact of nominal uncertainty, causing the optimal backpay to increase in the gap between the new real wage and what was paid during the extension.
The theoretical approach in this paper receives empirical support from the evidence in Cramton and Tracy (1994) that the incidence of delay increased from the 1970s to the 1980s, during which time the nominal uncertainty became more important relative to the real uncertainty, and from the finding in Danziger and Neuman (2005) that the incidence of delay is higher for shorter contracts and increases with nominal uncertainty and decreases with real uncertainty. In contrast, if unions were mainly using delays to obtain information about a firm's profitability -either because it is a cheaper industrial action than a strike, or because it gives the union more time to observe settlements in other firms -then the value of delay would increase with real uncertainty. In that case, a higher rather than lower delay incidence would have been associated with increased real uncertainty. Support for the present theory is also provided by the empirical literature on contract duration that finds that contract duration decreases with nominal uncertainty (e.g., Christofides, 1990) and increases with real uncertainty (e.g., Wallace and Blanco, 1991) .
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The Model
Consider a two-period economy with workers and firms. The workers consume a perishable good denoted by x, and are risk averse with logarithmic utility functions. The employers, who own the firms, are concerned with a different good denoted by y. This good may be interpreted as an investment good, or as the employers' consumption good that due to the Engel-curve effect (employers being wealthier than workers) is different from the workers' consumption good. 4 The employers are risk neutral.
Each worker supplies one unit of labor to a particular firm in each period, and all firms hire the same number of workers, L, and have access to the same production technology. In the first period there is no uncertainty and the production possibilities in each firm is given by x + y = 1.
The productivity in the second period is uncertain, as the economy is exposed to three types of productivity shocks between the first and second period: (1) an aggregate real shock α that changes the production possibilities to x + y = 1 + α in all firms; (2) an aggregate relative shock β that changes the production possibilities to x/(1 +β)+y = 1 in all firms; (3)
an idiosyncratic shock δ that differs among firms and changes the production possibilities in a firm to x +y = 1+δ. The average (over firms) of the realizations of δ is zero, so idiosyncratic shocks have no economy-wide effect on productivity. In addition to the productivity shocks, there is also a nominal shock ν that changes the inverse of the income velocity of money by a factor 1 + ν.
The probability that a real shock will occur is denoted by φ α , that a relative shock will occur by φ β , that an idiosyncratic shock will occur by φ δ , and that a nominal shock will occur by φ ν . Each type of shock occurs with positive probability, and the mean of a shock is zero. It is assumed, for simplicity, that at most one type of shock occurs and that the different types of shocks have the same symmetric and nondegenerate distribution.
Let p i and q i denote the prices of x and y in period i = 1, 2, and X i and Y i denote the aggregate production of x and y in period i. Prices are determined by a velocity equation, which in the first period is p 1 X 1 + q 1 Y 1 = K, where K is a constant. The unitary marginal rate of transformation between the goods implies that p 1 = q 1 , and therefore that p 1 =
4 If the employer is in the public sector, y may be a public good.
q 1 = K/F , where F is the number of firms. In the second period, the velocity equation is p 2 X 2 + q 2 Y 2 = K if there is no nominal shock, and p 2 X 2 + q 2 Y 2 = K/(1 + ν) if there is a nominal shock. Accordingly, in case of a real shock, where the production possibilities of both goods change by a factor of 1 + α in all firms, the prices become
in case of a relative shock, where the production possibilities of x change by a factor of 1 + β in all firms, while the production possibilities of y remain unchanged, the prices become p 2 = K/[F (1 + β)] and q 2 = K/F ; in case of idiosyncratic shocks, where the overall productivity in the economy is unaffected, the prices remain unchanged and p 2 = q 2 = K/F ; in case of a nominal shock, where the income velocity changes by a factor of 1/(1 + ν), the
At the beginning of the first period, the union representing the workers employed in a particular firm negotiates a labor contract with that firm. The contract may be short and cover the first period only, in which case the union and the firm will subsequently negotiate a new short contract for the second period. If a short contract is concluded, the contract may later be extended and the negotiation of the next contract postponed to well into the second period. In that case, the workers will receive a backpay that depends on how the real wage in the new contract differs from the real wage paid during the extension of the old contract. Alternatively, at the beginning of the first period, the union and the firm may conclude a long contract covering both periods. In a long contract, the nominal wage in the second period is indexed to the price level, and the real wage in the second period therefore depends on how the price level evolves.
Ideally, one would like to explicitly model the bargaining process between unions and firms in order to derive, for both contract forms, the division of a firm's output as a function of the parties' bargaining powers. However, this is beyond the scope of the present paper, and we instead parameterize the distribution of bargaining powers by the share c ∈ (0, 1/L) of a firm's output that each worker can expect to receive. Thus, for a given c, we first determine the characteristics of each contract form and calculate the corresponding constrained Pareto frontier consisting of the expected utility for workers and the expected real profit for the employer. We then compare the constrained Pareto frontiers for the two contract forms and establish when one of the contract forms dominates the other for all values of c.
3 Extended Short Contract
Suppose that a short contract is concluded. In the first period, a firm's production possibilities are given by x + y = 1, so the labor contract sets the nominal wage equal to cp 1 . The real wage is therefore c, and a worker's utility from the first period is ln c. 5 The employer keeps the remaining 1 − cL units of y after the workers have been paid.
Suppose further that before the contract expires at the end of the first period, and hence before the second-period uncertainty is resolved, the union agrees with the firm to delay the contract's renewal and extend the current contract to the end of the second period.
Accordingly, the nominal wage remains equal to cp 1 .
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The workers' resultant real wage during the extension will be cp 1 /p 2 , which depends on the type and size of the shock hitting the economy as follows: it will be c(1 + α) for a real shock; c(1 + β) for a relative shock;
c(1 + ν) for a nominal shock; and c for an idiosyncratic shock or no shock at all.
The union and the firm also agree that when the new contract is eventually concluded, it will provide a backpay that retroactively adjusts the second-period wage already paid. The expected real value of the backpay is zero. Specifically, the two sides determine an implicit backpay function that describes how the retroactive pay of x will depend on the gap between the real wage in the new contract and the real wage paid during the extension of the old contract. Denoting this gap by z, the backpay function is b(z), and the nominal retroactive pay is therefore p 1 b(z).
In the second period, a firm's production possibilities may change due to the shocks. The real wage in the new contract is therefore c(1 + α) if the shock is real, c(1 + β) if the shock is relative, c(1 + δ) if the shock is idiosyncratic, and c if the shock is nominal or there is no shock. Accordingly, in the case of a real or relative shock, there is no gap between the new real wage and the real wage paid during the extension. The reason is that the real price of x is inversely proportional to the overall productivity, so that the unchanged nominal wage during the contract extension provides a real wage that matches the new production possibilities. Thus, a worker's total nominal income in the second period is always p 1 [c+b (0) In the case of an idiosyncratic shock, the gap between the new real wage and the real wage paid during the extension is cδ, since productivity changes by a factor of 1 + δ, while prices remain unchanged. A worker's total nominal income in the second period is
and his total real income is c + b(cδ).
In the case of a nominal shock, the gap between the new real wage and the real wage paid during the extension is −cν, since the production possibilities remain unchanged, while the real wage paid during the extension changes to c(1 + ν). A worker's total nominal income in the second period is p 1 [c + b(−cν)], and his total real income is (1
Finally, if there is no shock, a worker's total nominal income in the second period is
, and his total real income is c + b(0).
When the contract is extended and the backpay function determined, a worker's expected utility from the two periods is
or, more simply,
Since shocks are symmetrically distributed around zero, the nominal shocks −ν and ν are equally likely. Hence, E
, and a worker's expected utility
This expression can be further simplified by letting denote the size of a shock, whatever its type. All shocks have the same distribution, so a worker's expected utility becomes
Since the employer's expected real cost of the backpay is b(0) if a real or relative shock occurs, E δ b(cδ) if an idiosyncratic shock occurs, E ν [(1 + ν)b(−cν)] if a nominal shock occurs, and b(0) if there is no shock, the backpay function satisfies
or, by the symmetry of the distribution of the nominal shocks around zero,
With denoting the shock size, the backpay constraint can be written as
The backpay function maximizes a worker's expected utility (1) subject to (2). Since = z/c, the unique optimal backpay function b(z) is given by
where λ is a positive constant determined such that the (2) is satisfied. Substituting (3) in (2) shows that λ = 1/c, implying that the backpay function is
By its very nature, the backpay is a function of the gap between the new real wage and the real wage paid during the extension. The type and size of shocks do not enter the backpay function directly, so realizations of the shocks can affect the backpay only to the extent that they are reflected in z.
A Digression: The First-Best Real Pay
In order to understand the expression for the backpay in eq. (4), it is helpful first to digress and characterize the first-best real pay in the second period. Appendix A shows that if the shock is real, idiosyncratic, or nominal, the first-best real pay is independent of the 8 realization of the shock and equal to c. This is because these shocks do not change relative prices, and all risk can be shifted costlessly from the risk-averse workers to the risk-neutral employer. To achieve the first-best real pay, the real backpay should be −cα/(1 + α) if the shock is real, zero if the shock is idiosyncratic, and −cν/(1 + ν) if the shock is nominal. If there is no shock, the first-best real pay is also c and there should be no backpay.
On the other hand, Appendix A also shows that if the shock is relative, the first-best real pay equals c(1 + β). None of the relative risk should be shifted from the workers. The reason is that a relative shock changes relative prices and thereby introduces another consideration, besides that of risk shifting, in the determination of the first-best real pay. Specifically, relative-price changes can be exploited to increase a worker's expected real pay in terms of x, for a given expected real pay in terms of y, if his real pay exceeds c(1 + β) when a relative shock is positive (and p 2 < 1), and is less than c(1 + β) when a relative shock is negative (and p 2 > 1). However, the flipside of the worker obtaining a higher expected real income is that his real income is more exposed to relative uncertainty. Accordingly, shifting the relative risk to the employer is costly in terms of foregoing a higher expected real pay, and there is a tradeoff between risk shifting and exploiting the changes in relative prices to increase a worker's expected real income.
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Given the logarithmic utility function, in the case of a relative shock the first-best solution is that a worker always be paid c(1 + β) and thereby carrying all risk stemming from relative uncertainty. It is not desirable to shift some of the worker's risk to the firm by having his real income increase less than proportionally with 1 + β and thereby lower his expected real income. Likewise, it is not desirable to have the worker take on additional risk by having his real income increase more than proportionally with 1 + β in order to increase his expected real income. Thus, in order to achieve the first-best real pay, there should be no backpay if the shock is relative.
Optimal Backpay: An Interpretation
Let us return to the backpay function in eq. (4). The backpay does not directly depend on the shock itself, but only on the resulting gap z between the new real wage and what was paid during the extension. If the shock is real or relative, however, the gap is always zero,
i.e., z = 0 for all realizations of α and β. Since z provides no information about the size of a shock, it cannot be used to condition differential retroactive payments. There is never any backpay, b(0) = 0, and therefore no risk shifting: Workers carry the whole impact of the uncertain production possibilities, and their real income in the second period is c(1 + α)
if the shock is real, and c(1 + β) if the shock is relative. Compared to the first-best, their exposure to risk is inefficient for real shocks, but efficient for relative shocks.
In contrast, if the shock is idiosyncratic or nominal, the gap provides information about the size of the underlying shock and can be used to condition the backpay. In order for the worker's real income to equal the first-best c for any realization of idiosyncratic and nominal shocks, there should be no backpay if the shock is idiosyncratic, and a real backpay of z/(1 − z/c) if the shock is nominal. However, these two requirements cannot both be completely satisfied since the backpay can only depend on the size of the gap, and not also on the type of shock that causes the gap.
The optimal backpay function (4) incorporates as much as possible of the two requirements of the first-best outcome in order to minimize the overall impact of the idiosyncratic and nominal uncertainty on a worker's expected utility. This is achieved by the backpay function weighing the two desiderata, while at the same time keeping the total expected real pay equal to c for any realized gap stemming from an idiosyncratic or nominal shock. 8 As can readily be seen from eq. (4), the backpay always increases with the gap, but the extent of the backpay (i.e., db(z)/dz) decreases with the likelihood of an idiosyncratic shock and increases with the likelihood of a nominal shock. Accordingly, the more likely the occur-8 Given the shock is idiosyncratic with conditional probability φ δ /(φ δ +φ ν ), and nominal with conditional probability φ ν /(φ δ + φ ν ), for any z the total expected real pay is
rence of an idiosyncratic shock and the less likely the occurrence of a nominal shock, for a given gap the backpay is closer to the first-best value of zero for an idiosyncratic shock, and further away from the first-best value of z/(1 − z/c) for a nominal shock. That is, less of the idiosyncratic uncertainty and more of the nominal uncertainty fall on the workers. 
The Constrained Pareto Frontier with Contract Extension
A worker's expected utility from the two periods with an extended short contract and the optimal backpay function depends on the union's and firm's bargaining powers as parameterized by the share c of a firm's output that a worker can expect to receive. The expected utility is denoted by V s (c) and obtained by substituting (4) with z = c in (1),
Due to the symmetry of the distribution of shocks, this expression can also be written as
The first term of V s (c) is what the utility would be if there were no uncertainty and it increases with the union's bargaining strength relative to that of the firm. The second term of V s (c), which is negative, is the loss of expected utility due to uncertainty if the contract had not been extended and the new contract concluded before the realizations of the second-period shocks.
10 A real, relative, or nominal shock would have a full impact on a worker's utility, while an idiosyncratic shock would have no effect. The third term of V s (c), which is positive, shows the gain of expected utility due to the optimal backpay schedule.
It consists of the probability that an idiosyncratic or nominal shock occurs, i.e., φ δ + φ ν , multiplied by the expected gain from the backpay, conditional on such a shock occurring,
Since the purpose of backpay is to mitigate the impact of nominal uncertainty, the expected gain from the optimal backpay function increases with the nominal uncertainty.
Backpay does not, however, provide complete insurance against nominal shocks. So in spite of the positive effect of backpay, the overall effect of nominal uncertainty is to reduce the total expected utility from the contract.
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Mitigating the impact of nominal uncertainty is attained at the cost of exposing workers to idiosyncratic uncertainty. The expected gain from the optimal backpay function, and hence the total expected utility from the contract, therefore decreases with idiosyncratic uncertainty.
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Finally, since the extension cannot relieve real and relative uncertainty, the total expected utility from the contract decreases with the real and relative risk.
The employer's expected real profit from the two periods also depends on the parties' bargaining powers and is Π s (c) ≡ 2−2cL. The stronger the union's bargaining power relative to that of the firm, the smaller is Π s (c). Consequently, the constrained Pareto frontier with an extended short contract and the optimal backpay function is given by (V s (c),
where c ∈ (0, 1/L).
Long Contract
Suppose that at the beginning of the first period, the union and firm negotiate a long contract covering both periods. The contract sets the nominal wage to w for the first period and determines an indexation function i(p 2 /p 1 ) that ties changes in the nominal wage between 11 Formally, the derivative of the expected gain from backpay with respect to φ ν is
where k ≡ φ ν /(φ δ + φ ν ). This derivative is positive since it tends to zero as k tends to zero and increases in k (differentiating the derivative with respect to k yields (1
which is negative, since the internal function is negative whenever 6 = 1.
12 The derivative of the expected gain from backpay, and of V s (c), with respect to φ δ is
the first and second period to innovations in the price index of a worker's consumption.
Thus, the nominal wage in the second period will be w[1 + i(p 2 /p 1 )].
Since p 2 /p 1 equals 1/(1+α) if the shock is real, 1/(1+β) if the shock is relative, 1/(1+ν) if the shock is nominal, and equals 1 if the shock is idiosyncratic or if there is no shock, a worker's expected utility from a long contract is
This can be simplified to 2 ln
Given the bargaining powers of the two sides, the employer's total expected real cost in terms of y of the first-and second-period wages equals c of the production possibilities in the first period plus c of the expected production possibilities in the second period; that is, together 2c units of y. Relative prices in the second period are unchanged, except if the shock is relative, in which case the price of x changes, while the price of y is unchanged.
Thus, the nominal wage for the first period and the indexation function must satisfy
This can be simplified to
The long contract consists of a nominal wage for the first period and an indexation function that maximize a worker's expected utility (5) under the constraint (6). The unique optimal long contract therefore satisfies
13 and
where η is a positive constant which is determined so that constraint (6) holds. Substituting (7) in (6) shows that η = 1/c. Together, (7) and (8) then show that w = cp 1 and that the indexation formula is
Thus, the first-period real wage is equal to c. If the shock is real, idiosyncratic, or nominal, it is first-best for the second-period real wage to be insulated from the shock and also be equal to c. This is automatically obtained in the case of an idiosyncratic shock where prices are unchanged from the first period, but would require complete wage indexation in the case of a real or nominal shock where prices change. If the shock is relative, it is first-best that the second-period real wage be equal to c(1+β). This would require a constant nominal wage; that is, there should be no wage indexation.
The optimal indexation function weighs the advantage of complete indexation in the case of a real or nominal shock against the advantage of no indexation in the case of a relative shock. To minimize the total loss from uncertainty, the wage indexation should be partial, and the expected real pay in the second period be c units of y for any realized p 2 /p 1 stemming from a real, relative, or nominal shock. 13 The extent of indexation ( i.e., di(
increases with the likelihood of a real and nominal shock, and decreases with the likelihood of a relative shock.
The Constrained Pareto Frontier with a Long Contract
To obtain a worker's expected utility from a long contract with optimal indexation, we substitute w = cp 1 and the indexation formula with p 2 /p 1 = 1/(1 + ) in (5). The expected 13 Given that the conditional probability of a real and nominal shock is (φ α + φ ν )/(φ α + φ β + φ ν ), and of a relative shock is φ β /(φ α + φ β + φ ν ), for any p 2 /p 1 the expected real pay of y in the second period is
utility V (c), which depends on the union's and firm's bargaining powers, is
The first term of V (c) is what the utility of a long contract would be if there were no uncertainty, and it increases with the union's relative bargaining strength. The second term of V (c) is negative and equals the loss of expected utility due to uncertainty if the contract had been unindexed. The third term of V (c) is positive and shows the gain of expected utility from the ameliorating effect of the optimal indexation: the term is the probability that a real, relative, or nominal shock occurs, i.e., φ α + φ β + φ ν , multiplied by the gain of expected utility stemming from indexation conditional on one of these shocks occurring, i.e.,
The gain of expected utility from the optimal indexation increases with real and nominal uncertainty, since the objective of indexation is to reduce the repercussions on the real wage from the buffeting of the price level by real and nominal shocks. However, the optimal indexation is only partial, so on the whole, the total expected utility from the contract decreases with real and nominal uncertainty. At the same time, the optimal indexation causes the workers to be overly shielded from relative uncertainty, and therefore to not benefit as much as possible from relative price changes. Hence, the expected gain from indexation and the total expected utility from the contract decrease with relative uncertainty.
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The real wage is always first-best with an idiosyncratic shock. The expected gain from indexation and the total expected utility from the contract are therefore independent of idiosyncratic uncertainty.
Given the parties' bargaining strengths, the employer's expected real profit from the long contract is Π (c) = 2 − 2cL. Accordingly, the constrained Pareto frontier with a long contract is given by (V (c), Π (c)), where c ∈ (0, 1/L).
14 The formal proofs are similar to the proofs that nominal uncertainty increases the expected gain from backpay and decreases the total expected utility from an extended short contract (note 11), and that idiosyncratic uncertainty decreases the expected gain from backpay (note 12). Relative uncertainty decreases the total expected utility from a long contract, since it decreases not only the expected gain from indexation, but also the expected utility from an unindexed contract.
Extended Short Contract versus Long Contract
For a given distribution of bargaining powers, the employer's expected real profit is the same with the two forms of contract, i.e., Π s (c) = Π (c). The first two terms in the workers' expected utility are also the same. It follows that whether the constrained Pareto frontier for an extended short contract or for a long contract dominates is determined by the sign of
is the difference between the benefit of backpay for an extended short contract and the benefit of wage indexation for a long contract. Since the benefits of backpay and of wage indexation are independent of the bargaining powers, the difference between them is also independent of the bargaining powers. In the special case that the benefits are equal, then Bearing in mind that the gain of expected utility from the optimal backpay decreases with idiosyncratic risk and is independent of relative risk, and that the gain of expected utility from the optimal indexation decreases with relative risk and is independent of idiosyncratic risk, it follows that there is a positive relation between the levels of idiosyncratic and relative risk for which D = 0.
Although the model has assumed that each type of shock occurs with a positive probability, it is worthwhile to consider which contract form would Pareto dominate in the absence of real uncertainty. To do this, let us assume that there is no real uncertainty (with the other types of uncertainty being present). If idiosyncratic and relative shocks happen to be equally frequent, then the gain of expected utility from the optimal backpay would be identical to the gain of expected utility from the optimal wage indexation at all levels of The fact that φ β > φ δ on the D = 0 locus immediately implies that φ α +φ β +φ ν > φ δ +φ ν .
Thus, the probability of a wage change due to indexation in a long contract exceeds the probability of a wage change due to backpay in an extended short contract. On the D = 0 locus, therefore, conditional on the occurrence of a wage change, the expected gain from indexation in a long contract is less than the expected gain from backpay in an extended short contract. That is,
Since is a random variable with zero mean, this again implies that
on the D = 0 locus.
Consequently, the necessary condition for the Pareto dominance of an extended short contract can be strengthened. In the presence of real uncertainty, (9) shows that in order for an extended short contract to Pareto dominate, it is necessary that relative uncertainty exceeds idiosyncratic uncertainty by so much that the ratio of relative to idiosyncratic uncertainty is greater than one plus the ratio of real to nominal uncertainty.
By the same logic, in the presence of real uncertainty, a sufficient condition for a long contract to Pareto dominate is that (9) is violated by the shock frequencies. Thus, a long contract always Pareto dominates a short contract if the ratio of relative to idiosyncratic uncertainty is at most equal to one plus the ratio of real to nominal uncertainty. In particular, a long contract would Pareto dominate in the absence of either relative or nominal uncertainty (with the other types of uncertainty being present). The reason is that if there is no relative uncertainty, then full indexation maximizes the expected gain from indexation and is first-best, while if there is no nominal uncertainty, then backpay cannot provide any reduction in risk.
The higher the level of nominal uncertainty, the greater are both the extent of backpay and the extent of wage indexation, and the more is gained from the ability of the optimal backpay and the optimal wage indexation to reduce the riskiness of the workers' real pay.
In the case of an extended short contract, the gain comes at the expense of an increase in the undesired exposure to idiosyncratic shocks, while in the case of a long contract, the gain comes at the expense of an increase in the undesired insulation from relative shocks.
If φ β /φ δ = 1 + φ α /φ ν , the conditional gain of expected utility is the same for backpay and for indexation, and an (infinitesimal) increase in nominal uncertainty does not affect D since it leads to the same additional gain from the optimal backpay as from the optimal wage indexation. However, if φ β /φ δ > 1 + φ α /φ ν (which is the case on the D = 0 locus), the conditional gain of expected utility is larger for backpay than for indexation, and an increase in nominal uncertainty increases D since it leads to a larger gain from the risk-reducing capacity of the optimal backpay than from the risk-reducing capacity of the optimal wage indexation. As a consequence, contract extensions become more attractive so that the D = 0 locus moves downward with the level of nominal uncertainty.
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Conclusion
This paper has demonstrated that the advantage of concluding a shorter contract that may later be extended, over immediately concluding a longer contract, depends on the prevalence of the different types of uncertainty in the economy. Thus, concluding and later extending a short contract Pareto dominates at high levels of relative and nominal uncertainty, while immediately concluding a longer contract Pareto dominates at high levels of real and idiosyncratic uncertainty.
The paper has also characterized the optimal backpay for the holdout period. It has shown that backpay cannot modify how real and relative uncertainty affect a worker's real income. However, backpay can be instrumental in reducing the negative impact of nominal uncertainty on a worker's real income, but only at the cost of increasing the worker's exposure to idiosyncratic uncertainty. The optimal backpay therefore increases with the missed pay during the extension, with the backpay for a given amount of missed pay increasing with the level of nominal uncertainty and decreasing with the level of idiosyncratic uncertainty.
An important issue for future research would be to examine how allowing for extension of labor contracts would affect the aggregate dynamics of macroeconomic models in which labor contracts play a pivotal role. Specifically, since the backpay does not completely eliminate the effect of nominal uncertainty on a worker's total real pay during the extension period, the effects of nominal shocks would likely last longer when contract extensions are possible than when they are not. 
